It is well known that the average load for a pile in a closely spaced group is substantially less than that for a single
INTRODUCTION
In the seismic design of a pile foundation, pseudo-static analysis is widely used to convert dynamic loads to equivalent static loads. The p-y curve method, which considers the relationship between the relative displacement of a pile against soil and the nonlinear soil resistance, is most frequently used to model the lateral behavior of a pile foundation for pseudo-static analysis. Due to the group pile effect, the lateral soil resistance of a group pile is smaller than that of a single pile. To consider the group pile effect during the design of a laterally loaded group pile, the p-y curve of a pile group is determined by applying the p-multiplier to the p-y curve of a single pile.
The p-multiplier for static loading conditions has been suggested by many researchers (U.S. Army, 1993; Reese et al., 1996; AASHTO, 2000; Reese and Van Impe, 2001; Washington State DOT, 2002) . The p-multiplier recommended by AASHTO (2000) , which is identical to that recommended by the Canadian Geotechnical Society (1992), is possibly the most widely used in practice (Rollins et al., 2006) . Rollins et al. (2005) suggested p-multipliers varied with pile spacing and location within the group pile based on field tests and centrifuge tests. In addition, Rollins et al. (2006) developed p-multipliers considering the pile spacing and location within the group pile for clay soil based on full-scale tests. On the other hand, the p-multiplier for a dynamic loading condition, such as an earthquake, has not been sufficiently developed for use in practice. PoLam et al. (1998) (1998), it is not possible to consider how the p-multiplier varies with the pile spacing or with the location of each pile in the group. The applicability of the p-multiplier suggested by NCHRP (2001) needs to be verified by performing field or model tests, because it was obtained by numerical modeling. In practice, adopting the dynamic p-multipliers suggested by Kim et al. (2002) and Yang et al. (2010) can be controversial, as their research was carried out using 1-g shaking-table tests, for which it is not possible to simulate in situ confining stress.
In this study, centrifuge shaking-table tests, which can simulate the in situ confining stress, were performed for various pile spacings, ranging from 3 to 7 times the pile diameter. From the tests, the change of the dynamic p-y curves with the pile spacing and with the location of each pile in the group pile was investigated..
TEST SET-UP AND PROGRAMS
All the tests were conducted at a centrifugal acceleration of 40 g at the Korea Construction Engineering Development Collaboratory Program (KOCED), GeoCentrifuge Center, on a centrifuge with a radius of 5 m and comprising a balanced arm with dual swing platforms. The centrifuge has a capacity of 240 g-tons and a maximum acceleration of 100 g. The model container was an Equivalent Shear Beam (ESB) box, 49 × 49 × 63 cm, fabricated to reduce reflection waves from the sides of the box during shaking. The box was connected by 6-cm-thick rigid bands with rubber buckles and was deformed while filled with soil. The model soil was artificial silica sand produced using the Hammer Crusher process. Fig. 1 shows the properties of the model soil and Table 1 lists them.
A 3 × 3 model group-pile was manufactured (Fig. 2) . The piles were made of aluminum pipe with a wall thickness of 0.1 cm and a diameter of 1.3 cm. The embedment depth of the piles was 50 cm, which is longer than the infinite depth. A concentrated mass of 4.5 kg was placed on each pile head to simulate the
